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5 METHOD AND APPARATUS FOR TRANSFERRING INFORMATION 

BETWEEN A PRINTER PORTION AND A REPLACEABLE PRINTING 

COMPONENT 
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BACKGROUND OF THE INVENTION 



The present invention is related to inkjet printing devices. More particularly, 
the present invention is related to inkjet printing devices that make use of a wireless 
link for transferring information from a replaceable ink container to a printer portion. 



Q 15 \Inkjet printers frequently make use of an inkjet printhead mounted within a 

carriage mgt is moved back and forth across print media, such as paper. As the 
printhead is ntejved across the print media, a control system activates the printhead to 
deposit or eject in^sjroplets onto the print media to form images and text. Ink is 
provided to the printhead^rwa supply of ink that is either carried by the carriage or 
20 mounted to the printing system thal^does not to move with the carriage. For the case 
where the ink supply is not carried witfr^e carriage, the ink supply can be in fluid 
communication with the printhead to replenisnTft^nrinthead or the printhead can be 
intermittently connected with the ink supply by positioniirgsthe printhead proximate to 
the filling station whereupon the printhead is replenished with irife«4jom the refilling 
25 station. 



For the case where the ink supply is carried with the carriage, the ink supply 
may be integral with the printhead whereupon the entire printhead and ink supply is 
replaced when ink is exhausted. Alternatively, the ink supply can be carried with the 
carriage and be separately replaceable from the printhead or drop ejection portion. 
30 Regardless of where the supply of ink is located within the printing system, it 

is critical that the printhead be prevented from operating when the supply of ink is 
exhausted. Operation of the printhead once the supply of ink is exhausted results in 
poor print quality, printhead reliability problems, and, if operated for a sufficiently 



1 



Patent Application 
10019374-1 



long time without a supply of ink, can cause catastrophic failure of the printhead. 
This catastrophic failure results in permanent damage to the printhead. Therefore, it is 
important that the printing system be capable of reliably identifying a condition in 
which the ink supply is nearly or completely exhausted. This technique should be 
5 accurate, reliable, and relatively low cost, thereby tending to reduce the cost of the 
printing system. 

SUMMARY OF THE INVENTION 

10 One aspect of the exemplary embodiment is a replaceable printing component 

for use in a printing system. The replaceable printing component contains a supply of 

5 £ 

B- — 

C3 printing material for use by the printing system to form images on media. The 

>- replaceable printing component includes a reservoir for containing printing material. 

% Also included is a linking device disposed entirely within the reservoir for providing a 

""-i 15 signal indicative of printing material within the reservoir. The reservoir is formed of 

rn 

= a material so that the signal is coupled through the reservoir for providing information 

12 to the printing system. 

[jj Another aspect of the exemplary embodiment is a printing system having a 

C3 printer portion and at least one replaceable reservoir. The printer portion and the at 

20 least one replaceable reservoir are configured to exchange information therebetween. 
The printing system includes a first wireless link associated with the replaceable 
reservoir. The first wireless link is disposed entirely within the replaceable reservoir. 
Also included is a second wireless link associated with the printer portion. The 
second wireless link receives replaceable reservoir information from the first wireless 
25 link by transmission of information in a wireless manner. 

Yet another aspect of the exemplary embodiment is a replaceable ink container 
for providing ink to an inkjet printing system. The replaceable ink container includes 
a sensing system for sensing parameters of ink within an ink container. Ink type 
within the replaceable ink container is determined by the inkjet printing system based 
30 on the sensed parameters. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
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Fig. 1 depicts an exemplary embodiment of a printing system that incorporates 
a replaceable printing component, shown in a top perspective view with a printer 
cover open. 

Fig. 2 is a simplified schematic of a replaceable printhead portion and an 
exemplary replaceable printing component that contains a sensor and a linking device 
for transferring information to a printer portion shown in Fig. 1 . 

Fig. 3 is a top perspective view of the sensor and the linking device that are 
disposed on a substrate. 

Fig. 4 is a section view taken across lines 4-4 of the substrate, sensor, and 
linking device of Fig. 3 shown encapsulated by an encapsulant. 

Fig. 5 is a simplified block diagram of the linking device associated with the 
replaceable printing component and a linking device associated with the printer 
portion for transferring information therebetween. 

Fig. 6 is a simplified block diagram of senor electronics shown in Fig. 5 for 
processing sensor information. 

DETAILED DESCRIPTION OF AN EXEMPLARY EMBODIMENT 
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25 



30 



is a perspective view of one exemplary embodiment of a printing 
system 10 of t&^resent invention shown with its cover open. The printing system 10 
includes a printer portion 12 and one or more replaceable printing components 14 
installed therein. The printe^pbia^on 12 and the replaceable printing component(s) 14 
together cooperate to accomplish printit^on print media. Each replaceable printing 
component 14 includes a linking device (nof>sfa>wn) for exchanging information 
between the printer portion 12 and the replaceable prmtmg component 14. The use of 
the linking device 16, together with a corresponding linking device (not shown) 
associated with the printer portion 12, allows the printer portiem 12 to retrieve 
information and monitor status of the replaceable printing components 14." 
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%w In one exemplary embodiment, the printing system 10 is an inkjet printing 
system. rh^his exemplary embodiment, the replaceable printing component 14 is an 
ink reservoir tlraNisin fluid communication with an inkjet printhead portion that will 
be discussed with respefcfcyto Fig. 2. Each of the replaceable printing components 14 
5 or ink reservoirs is installed m^scanning carriage 1 8 that is moved relative to print 
media. The inkjet printer portion 12Hm>ludes a media tray for receiving print media 
22. As media step through a print zone, mfe^scanning carriage moves the replaceable 
printing components 14 and printheads relativefea^the print media 22. The printer 
portion 12 selectively activates the printhead portion al^iated with the replaceable 
10 printing components 14 to deposit ink on print media to thereby*St6^pmplish printing. 

The printing system shown in Fig. 1 is shown with two replaceable printing 
components 14, one representing an ink reservoir having separate chambers 
containing cyan, magenta and yellow inks, and one representing an ink reservoir 
containing black ink. The replaceable printing components 14 are used together to 
15 accomplish 4-color printing. The method and apparatus of the preferred embodiment 
is also applicable to printing systems 10 that make use of other arrangements such as 
printing systems that use greater or less than 4 ink colors, as in high fidelity printing 
which typically use 6 or more ink colors. In either case, the printing system 10 
includes one or more replaceable printing components 14, each having a linking 
20 device (not shown) associated therewith for providing information to the printer 
portion 12. 

The method and apparatus of the preferred embodiment is applicable to inkjet 
printing systems 10 having other configurations than those shown in Fig. 1. For 
example, the replaceable printing component 14 can be a printhead portion mounted 
25 on the scanning carriage 18, or a separate ink reservoir portion mounted off the 
scanning carriage that is in fluid communication either intermittently or continuously 
with the printhead portion. In this case, each of the printhead portion and the ink 
reservoir portion is a separate replaceable printing component 14. The ink reservoir 
portion is replaced when the ink is exhausted and the printhead portion is replaced at 
30 the end of life. 
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The method and apparatus of the preferred embodiment is applicable to 
replaceable components 14 other than the ink reservoir. For example, the technique of 
the preferred embodiment is suitable for use with replaceable printing components 
that become depleted with use such as toner reservoirs in the case of laser printing or 
reservoirs that contain fluid other that ink such as media coatings. The technique of 
the present disclosure allows for the collection of information from the replaceable 
printing components 14 by the printer portion 12. The customer is notified when a 
replaceable printing component 14 requires replacement. 



Fig. 2 is a simplified schematic representation of the inkjet printing system 10 
10 of the preferred embodiment shown in Fig. 1. In this simplified representation, the 
replaceable primlfte component 14 is shown as having two separately replaceable 
parts, a reservoir portib« s 24 and a printhead portion 26. The printing system 10 
includes a controller 28 for providing activation signals to the printhead 26. The 
printhead 26 ejects a marking fluicN$uch as ink in response to activation by the 
15 controller 26. The reservoir 24 is an inlN^servoir that is used to replenish the 
printhead 26 with ink by way of a fluid conduit 3u>^he fluid conduit 30 fluidically 
couples the ink reservoir 24 with the printhead portion 26 



^_ 

For simplicity, the ink reservoir 24 is shown as a single chamber ink reservoir 

containing one-ink color. The ink reservoir 24 alternatively is formed to have a 
20 plurality of chambers with each chamber having a different ink color for providing a 
plurality of different colored inks to a single printhead 26. 

In the exemplary embodiment, the reservoir portion 24 includes a housing 32 
formed from a plurality of sidewalls for containing a supply of ink. Ink is free to 
move about within the reservoir portion 24. Alternatively the ink reservoir 24 can 
25 include a porous material (not shown) having a capillary gradient for retaining ink. 
The capillary gradient tends to draw ink within the ink reservoir 24 toward a fluid 
outlet (not shown). In addition, the porous material provides backpressure for 
preventing ink from drooling from the printhead portion 26 in the event of 
temperature or pressure changes. 
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The replaceable printing component 14 includes a linking device 34 for 
exchanging information between the controller 28 on the printer portion 12 and the 
replaceable printing component 14. The use of the linking device 34, together with a 
corresponding linking device (not shown) associated with the printer portion 12, 
5 allows the printer portion 12 to retrieve information and monitor status of the 
replaceable printing components 14. 

In the exemplary embodiment, the linking device 34 includes a sensor as will 
be discussed with respect to Fig. 3. Both the linking device 34 and the sensor are 
disposed within the ink reservoir 24. The linking device 34 passes information 
1 0 through at least one sidewall of the ink reservoir 24 to the printer portion 12. 



The linking device 34 is configured to pass information through side walls of 
th^reservoir 32 to exchange information between the ink reservoir 24 and controller 
34 on\he printer portion 12. The exchange of information between the ink reservoir 
24 and me printer portion 12 is to ensure the operation of the printer portion 12 is 
15 compatible vtith the ink contained within the replaceable printing component 14 
thereby achieving high print quality and reliable operation of the printing system 10. 

The controller 28, among other things, controls the transfer of information 
between the printer jWtion 12 and the replaceable printing component 14. In 
addition, the controller 28^controls the transfer of information between the printhead 
16 and the controller 28 for activating the printhead to selectively deposit ink on print 
media. The controller 28 also cohtrols the relative movement of the printhead 16 and 
print media. The controller 28 performs additional functions such as controlling the 
transfer of information between the pricing system 10 and a host device such as a 
host computer (not shown). 
25 In order to ensure reliable operation of tH^printing system 10 it is necessary to 

identify when the replaceable consumable 14 is oufVf ink so that operation of the 
printhead 16 can be halted. Operation of the printhead b6 without ink can result in 
catastrophic damage to the printhead 16. Information provided by the linking device 
34 to the controller 28 allows the controller 28 to identify an out^ink condition so 
30 that operation of the printhead 16 can be ceased. 
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In addition to out of ink information the linking device 34 provides various ink 
characfef^gtics to the controller 28 for determining accuracy of the out of ink 
information, ^S^or example, the linking device 34 associated with the replaceable 
consumable 14 can^ovide characteristics such as ink resistivity and ink capacitance 
just to name a couple. The^controller 28 can use this information to identify the ink 
composition. In the event the ink composition is recognized then the sensor 
information for determining the out oRmk condition will be accurate. Conversely, in 
the event that the ink composition is not r&sqgnized then the sensor information for 
determining the out of ink condition will not bK^ccurate and other measures are 
10 required for preventing damage to the printheads 16. 
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Fig. 3 is a top perspective view of the linking device 34 shown in Fig. 2. The 
linking device 34 includes a substrate 36, link electronics 38, an antenna portion 40 
and sensor 42. The link electronics 38 and antenna portion 40 are preferably disposed 
on the substrate 36. The antenna portion 40 is electrically connected to the link 
electronics 38. The sensor 42 is preferably disposed on the substrate 36 and is 
electrically connected to the link electronics 38 by conductors 43. 



20 



R**Qne exemplary embodiment, the antenna portion 40 is configured so that 
when activatealSg^jils are emanated of a wavelength selected to pass through 
sidewalls 32 of the ink re§S^Qir 24. The antenna potion 40 is achieved by forming 
several turns of a conductor to createah 8 a4io frequency antenna portion 40. This radio 
frequency antenna 40 utilizes a frequency tMtis^eapable of penetrating through the 
sidewall 32 of the ink reservoir 24 to the controller 28. ^^"n^ 



In this exemplary embodiment, the sensor 42 is a pair of electrically 
conductive pads that are spaced apart. Each of the pair of electrically conductive pads 

25 is electrically connected to the electrical circuit portion 38 by a conductive trace 43. 
The electrically conductive pads 42 to can be used to measure various ink properties 
such as conductivity or capacitance, to name a couple. Ink conductivity or ink 
capacitance is used to determine an out of ink condition within the ink reservoir 24. 
By placing the sensor 42 proximate a fluid outlet of the ink reservoir 24 an out of ink 

30 condition is determined by measuring conductivity or capacitance between the pads of 
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the sensor 42. For example, in the case of conductivity measurement, conductivity 
will decrease when ink is no longer present between the conductive pads of the sensor, 
thus signaling an out of ink condition. Out of ink condition can be determined by a 
change in conductivity or when the conductivity value falls below a threshold value. 



i 



Because sensed parameters such as conductivity and capacitance can change as 
a result of different ink compositions it is necessary to verify that the ink composition 
has no^hanged to ensure accuracy of the out of ink signal. Measuring parameters 
such as fek capacitance in conjunction with ink conductivity the particular ink 
compositiorNwithin the ink reservoir 24 can be characterized to determine if the ink 
10 composition isSthe same as the what the out of ink sensing system was designed for 
and therefore the out of ink signal is accurate. 

In contrast, ir\£he ink composition is different from the ink composition the out 
of ink sensing system ^s designed for then an out of ink signal may not be generated 
or if the out of ink signal is generated this signal may be erroneous. Once it is 
15 determined the out of ink sensing system no longer has integrity then the printing 
system 10 can initiate action to protect the printhead 26 from damage. For example, 
the printer can notify the customer that the out of ink sensing system has lost integrity 
and require the customer to verify ther^is sufficient ink in the ink reservoir 24 before 
resuming the printing process. 
20 Fig. 4 is a cross-section of the linking^evice 34 taken across lines 4-4 in fig 3. 

The linking device 34 is shown encapsulated by an encapsulant 44 to prevent ink from 
getting access to and the electrical circuit portion 3\and the antenna 40. Ink used in 
an inkjet printing tends to include surfactants that if exposed to the electrical circuit 
portion 38 can cause damage. In addition, ink is conducive and therefore tends to 
25 provide unwanted the electrical shorts in the electrical circuit portion 38. The 
encapsulant 44 is configured to prevent ink access to the electricak circuit portion 38. 

The use of the encapsulant 44 allows the linking device 34Vto be disposed in 
the ink reservoir 24 whereby ink parameters can be measured directly, by the sensors 
42. Because the linking device 30 is coupled through the sidewalls \2 of the ink 
30 reservoir 24 then electrical conductors passing through sidewalls 32 are n\t required. 
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"By^imiaatingrouting of electrical conductors through the side walls 32 of the ink 
reservoir 24 the reliability m^t TTT^mfe^^azoi r 94 te nds to be reduced. In the 
exemplary embodiment, the ink capsule and 44 is a plastic carrier. 



The encapsulant 44 defines openings 46 that allow ink access to the sensor 42. 
5 The sensor 42 determines parameters such as capacitance and conductivity of ink 
within the ink reservoir 24. Parameters sent by the sensors can then be used by the 
printing system 12 to determine an ink level or ink type within the reservoir 24. The 
electrical circuit portion 38 that is electrically connected to the sensor 42 will now be 
discussed in more detail with respect to Figs. 5 and 6. 
10 Fig. 5 depicts further detail of the linking device 34 for transferring 

information between the replaceable printing component 14 and the printer portion 12. 
□ The printer portion 12 includes a linking device 47 that is similar to the linking device 

£ 34. The linking device 47 includes a serial controller 48, a radio frequency interface 

% 50, and an antenna 52. The serial controller 48 controls the transfer of information 

*J 15 between the controller 28 associated with the printing system 10 and the radio 

LI i 

s frequency interface 50. The serial controller 48 is preferably a microprocessor, a 

;T programmable controller or a hardware-implemented controller that performs the 

necessary interface and data manipulation functions for passing information between 
the controller 28 and the radio frequency interface 50. 
20 Information transferred between the controller 28 and the serial controller 48 

includes command information for requesting ink level information and ink status 
information. This command information is provided to the linking device 34, 
whereupon the linking device 34 provides the requested ink level or status 
information. In one exemplary embodiment, information is transferred, between the 
25 serial controller 48 and the controller 28 in a parallel format, and information is 
transferred between the serial controller 48 and the radio frequency interface 50 in a 
serial format. 

The radio frequency interface 50 receives information from the serial 
controller 48 in a serial fashion and converts this information into time varying 
30 voltages at the antenna 52. These time varying voltages are preferably in a standard 
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radio frequency range such as 125 kilohertz to 13.56 megahertz. Radio frequencies 
outside this range may also be suitable. Transmission of information using a radio 
frequency technology is used in financial transaction cards provided by financial 
institutions for various types of transactions such as banking and using debit cards and 
credit cards. These financial transaction cards are sometimes referred to as "smart 
cards". Similar technology is also used in inventory systems that are sometimes 
referred to as radio frequency identification (RFID) technology. 

The linking device 34 associated with the replaceable printing device 14 is 
similar to the linking device 47 associated with the printer portion 12. The linking 
device 34 includes a serial controller 56, a radio frequency interface 58 and an antenna 
60, each of which are similar to corresponding features of the linking device 47. 
Voltages are induced on antenna 60 in response to time varying voltages provided to 
antenna 52. Information is extracted from the time varying voltages induced on 
antenna 60 by the radio frequency interface 58. Information is passed from the radio 
frequency interface 58 to the serial controller 56. In response to command 
information, the serial controller 56 can store information such as ink parameter 
information or ink level information in an electrical storage device or memory 64. 
The serial controller 56 also selectively passes information from either the memory 64 
or sensor electronics 66 to the radio frequency interface 58. The particular 
information provided to the radio frequency interface is either predetermined or is 
selectable based on command information received from the printer portion 12. 

The linking device 34 on the replaceable printing component 14 includes 
sensor electronics 66 that are electrically connected to the sensor 42 (not shown). The 
sensor electronics 66, which will be discussed in more detail with respect to figure 6, 
is responsive to command information for retrieving information from the sensor 
electronics 66. The information such as ink level information and ink parameter 
information is transferred to the serial controller 56 to be sent to the link 47 associated 
with the printer portion 12 in a manner similar to the transfer of information from the 
link 47 to link 34. 
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Figure 6 shows greater detail of the sensor electronics 66 shown in figure 5. 
The sensor electronics 66 include a pair of external terminals 68 that are connected to 
the sensor 42. The sensor electronics 66 also include a measurement device 70 that is 
electrically connected by way of external terminals 68 to the sensor 42, a comparator 
5 72 and a sense controller 74. 



The measurement device 70 receives an electrical signals from the sensor 42 
indicative of ink parameter information as well as indicative of an out of ink condition 
within the mk reservoir 32. In addition, the measurement device 70 receives control 
information fr^m the sense controller indicating what type of measurement is 
10 requested. The measurement device provides a measurement value indicative of the 
measured parameter ircr the comparator 72. 

The measurement device 70 is capable of making a variety of different types 
of measurements. One typk of measurement the measurement device 70 is configured 
to make is to measure resistance or conductivity between the sensors 42. Another 
15 type of measurement the measurement device is capable of is measurement of 
capacitance between the sensors >42. The printer portion 12 makes use of this 
measured information in a variety V)f ways, such as, for determining ink level 
information and for determining ink typ^. to name a couple of uses. A variety of other 
measurements can also be made by the\measurement device that are suitable for 
20 characterizing ink within the ink reservoir 32. 

The comparator 72 compares the\ measured value provided by the 
measurement device 70 to a reference value prowled by the sense controller 74. The 
reference value is provide by the serial controlleK 56 or is generated by the sense 
controller 74. The reference value, in general, wilPbe different for each parameter 
25 measured. For example, the reference value will be\a first value for measuring 
conductance for determining an absence of ink between theVsensors 42. The reference 
value will be a second value for measuring capacitance between the sensors for 
determining ink type in the ink reservoir 32. \ 

Characterizing the ink within the ink reservoir 32 allows tne printer portion 12 
30 to determine if ink within the ink reservoir 32 has the same parameters as ink the 
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censor 42 and sensor electronics 66 were designed to sense. In the event that the ink 
in the ink reservoir 32 has been replaced with a different ink with different ink 
parameters then the integrity of the out of ink sensing system and the customer must 
be notified to avoid damaging the printheads. 

In tn^ exemplary embodiment, each of the link 34, sensor electronics 66 and 
the electrical storage device 64 is either an active device powered by a battery or a 
passive device thalSstores energy in a storage device such as a capacitor. In the case of 
a passive device, eneigy is provided to the capacitor by voltages induced on the 
antenna 60. In the exenWary embodiment, voltages are induced on the antenna 60 
due to time varying voltages rtimt are applied to the antenna 52 by the radio frequency 
interface 50. The induced voft^ge at the antenna 60 is provided to a power 
conditioner (not shown) which convfejjs these time varying voltages into a single 
polarity voltage that is suitable as a supplV voltage for each of the electrical storage 
device 64, the serial controller 56, the radifci frequency interface 58 and sensor 
electronics 66. In one exemplary embodiment, thrower conditioner rectifies a time 
varying voltage that is induced on the antenna 60 and filters rectified voltage to 
provide a suitable supply voltage. _ 



The present invention is applicable to a variety of other types of printing 
systems 10 as well. For example, the present invention is suitable for use with electro 

20 photographic printing systems. In the case of electro photographic printing systems, 
the replaceable printing component 14 is a replaceable component such as a supply of 
printing material usually referred to as a toner cartridge. The sensor 42 determines 
toner level information from the toner cartridge and provides this information to the 
printer portion using the wireless connection established by linking devices 34 and 47. 

25 The printer portion 12 notifies the customer of a low toner condition or an out of toner 
condition so that the toner cartridge can be replaced. The printer portion also notifies 
the customer if integrity of the out of toner system is not operating properly. 



30 



le use of the linking device 34 that is immersed in ink within the replaceable 
ink reservoir 32pro^Wes«^a^latively low cost method for determining status such as 
an out of ink condition. Disposing the linking devicF s 344*i4fa£ ink reservoir 34 allows 
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.and ink par ameters to be measured using a relatively low cost 
manufacturing techniques. 
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